Abstract: A new control strategy for active power filters is proposed, modeled and implemented in order to improve the power quality of a line commutated converter High voltage DC link. The ability of reactive power and harmonics reductions are generally met by using passive and active power filters. In this paper, modified active power filter with a modified harmonics pulse width modulation algorithm is used to minimize the source harmonics and force the AC supply current to be in the same phase with AC voltage source at both sending and receiving sides of a line commutated converter high voltage DC link. Therefore, it is considered as power factor corrector and harmonics eliminator with random variations in the load current. The modified harmonics pulse width modulation algorithm is applicable for active power filter based on a three-phase five-level and seven-level cascaded H-bridge voltage source inverter. Simulation results show that the suggested modified multilevel active power filters improve total harmonics distortion of both voltage and current with almost unity effective power factor at both AC sides of high voltage DC link. Therefore, modified active power filter is an effective tool for power quality improvement and preferable for line commutated converter high voltage DC link at different load conditions. Keywords-Six-pulse line commutated converter HVDC, Power quality improvement, modified shunt active power filter, modified harmonics pulse width modulation, multilevel inverter.
INTRODUCTION
AC to DC converters, depending on thyristors, provide controllable active power in the rectification and inversion modes. But they consume reactive power and distort the supply current which affect on the power quality of the AC system. This effect can be treated by using passive and/or active power filters to reduce harmonics distortion of AC supply currents. High-voltage DC (HVDC) transmission system transmits a large amount of power over long distances [1] . HVDC converters produce harmonics in the AC power systems, which should be minimized by using power filters. Passive power filter can be used to reduce known harmonic components. While for unknown harmonic components, Active power filter (APF) is better in filtering performance than passive power filter [2] .
The shunt APF (SAPF) is used to compensate harmonics current due to nonlinear system elements, improve effective input power factor and stabilize the three phase currents [3] . So, it acts as a controlled voltage source which forces the system line currents to become almost sinusoidal. This needs a complex regulation and control system [4] . The most control algorithms of three-phase shunt active power filters are based on instantaneous PQ theory, synchronous detection method and using multilevel inverters. In [5, 6] , the Î 1 .cos(Φ) algorithm forces the supply current to be equal to the magnitude of the real component of fundamental load current, which is in same phase with the main sinusoidal supply voltage. This technique is applicable for three-phase voltage source inverters. In [7] , the Î 1 .cos(Φ ) algorithm is used with a 7-level shunt active filter as a controller based on multicarrier phase disposition pulse width modulation technique.
In this paper, for comparison of SAPF, five and seven level cascade H-bridge pulse width modulation voltage source inverters are investigated. The aim is to use modified SAPF (MSAPF) as harmonics injector and power factor corrector based on modified harmonics pulse width modulation (MHPWM) algorithm and therefore improving the power quality of 6-pulse line-commutated converter HVDC (LCC-HVDC) link as illustrated in Figure 1 . 
HVDC Converter
In this paper, the 6-pulse LCC-HVDC link is used as shown in Figure 1 . Converters of the LCC-HVDC link produce harmonics current at the AC sides and consume reactive power. In order to reduce the AC line current harmonics and correct effective input power factor, a MSAPF is used to improve the power quality at both sending and receiving sides. As a result, the shape of line current becomes almost sinusoidal which improves the performance of AC mains with keeping the DC link current smooth.
2.2.Filtering Principle
The principle operation of the MSAPF is to supply distortion current and reactive power components to the HVDC system to make the AC grid supplying only real power. Thus, the power distribution system on each side sees the nonlinear load with the MSAPF as a dynamic resistor. The power circuit of the MSAPF shown in Figure 2 is 
SIMULATION RESULTS
The 6-pulse LCC-HVDC link is modeled by MATLAB/SIMULINK/PSB as a 500kV-1000MW DC link to connect two AC systems, 500KV and 345kV, as shown in Figure 4 . The DC sides of the HVDC converters have been modeled with 300Km transmission line and 0.5H smoothing reactor. The MSAPF is connected to AC system through coupling reactor (5mH). A DC capacitor (200μF per cell) is connected at the DC side of the MSAPF to store energy at the DC bus. The designed MSAPF is simulated to show its steady state and dynamic capability with the HVDC system. Figure 5 , Figure 6 and Figure 7 show the waveforms of the supply phase voltage (v sa ) and current (i sa ) at secondary side of the transformers at DC power flow (P dc ) equal to 0.7pu (700MW) without and with 5LCHBVSI and 7LCHBVSI MSAPF, respectively. The phase voltage and current at both sending and receiving sides are in phase with each other after connecting the MSAPF circuits. These figures show that the MSAPF gives acceptable THD and PF which makes the supply voltage and current in phase and almost free of harmonics. The distortion in the voltage and current waveforms is due to switching frequency of the inverter which can be eliminated simply by using a simple high pass filter as shown in Figure 8 . The THD of the supply current waveform after connecting high pass filter with the 5LCHBVSI MSAPF is reduced from 1.27% to 0.8%. Figure 9 , Figure 10 and Figure 11 illustrate the waveform of power factor, THD, and power utilization factor without and with the MSAPF at sending and receiving sides respectively. These results confirm that power factor stay at unity and THD improved at both sending and receiving sides. The MSAPF draws a small amount of the real power depending on the phase angle between the AC voltage and the MSAPF voltage which affect on the utilization factor of the system. 
4.CONCLUSIONS
The 6-pulse LCC-HVDC link model with five and seven level cascaded H-bridge inverters as a MSAPF at both sending and receiving sides have been analyzed, implemented and simulated. The MHPWM algorithm has been suggested to drive the suggested MSAPF. The simulation results proved that the designed active filter is applicable, reliable and effective for different operating conditions of the 6-pulse LCC-HVDC link. The designed filter with 5-level and 7-level give almost same results. These indicate that 5-level can be considered as a suitable type if the building cost and less complexity is taken into account. While for higher ratings power switching requirement 7-level is more convenient to be used. In both cases reliable power quality improvements have been achieved [3]-Mihaela P, Alexandru B, Vlad S, Alexandra P., 2011. High Performance Shunt Active Power Filter. In: 7th international Symposium on Advanced Topics in Electrical Engineering (ATEE), Bucharest, Romania.
